Association between microRNA (miRNA) expression signatures and atrial fibrillation has been evaluated with inconsistent findings in different studies. This study aims to identify miRNAs that actually play vital role in pathophysiological process of atrial fibrillation and explore miRNA-targeted genes and the involved pathways. Relevant studies were retrieved from the electronic databases of Embase, Medline, and Cochrane Library to determine the miRNA expression profiles between atrial fibrillation subjects and non-atrial fibrillation controls. Robustness of results was assessed using sensitivity analysis. Subgroup analyses were performed based on species, miRNA detection method, sample source, and ethnicity. Quality assessment of studies was independently conducted according to QUADAS-2. Bioinformatics analysis was applied to explore the potential genes and pathways associated with atrial fibrillation, which were targeted by differentially expressed miRNAs. Form of pooled results was shown as log10 odds ratios (logORs) with 95% confidence intervals (CI), and random-effects model was used. In total, 40 articles involving 283 differentially expressed miRNAs were reported. And 51 significantly dysregulated miRNAs were identified in consistent direction, with 22 upregulated and 29 downregulated. Among above-mentioned miRNAs, miR-223-3p (logOR 6.473; P < 0.001) was the most upregulated, while miR-1-5p (logOR 7.290; P < 0.001) was the most downregulated. Subgroup analysis confirmed 53 significantly dysregulated miRNAs (21 upregulated and 32 downregulated) in cardiac tissue, with miRNA-1-5p and miRNA-223-3p being the most upregulated and downregulated miRNAs, respectively. Additionally, miR-328 and miR-1-5p were highly blood-specific, and miR-133 was animal-specific. In the detection method sub-groups, miRNA-29b and miRNA-223-3p were differentially expressed consistently. Four miRNAs, including miRNA-223-3p, miRNA-21, miRNA-328, and miRNA-1-5p, were consistently dysregulated in both Asian and non-Asian. Results of sensitivity analysis showed that 47 out of 51 (92.16%) miRNAs were dysregulated consistently. Totally, 51 consistently dysregulated miRNAs associated with atrial fibrillation were confirmed in this study. Five important miRNAs, including miR-29b, miR-328, miR-1-5p, miR-21, and miR-223-3p may act as potential biomarkers for atrial fibrillation.
Impact statement
Atrial fibrillation (AF) is considered as the most common arrhythmia, and it subsequently causes serious complications including thrombosis and heart failure that increase the social burden. The definite mechanisms underlying AF pathogenesis remain complicated and unclear. Many studies attempted to discover the transcriptomic changes using microarray technologies, and the present studies for this hot topic have assessed individual miRNAs profiles for AF. However, results of different articles are controversial and not each reported miRNA is actually associated with the pathogenesis of AF. The present systematic review and meta-analysis identified that 51 consistently dysregulated miRNAs were associated with AF. Of these miRNAs, five miRNAs (miRNA-1-5p, miRNA-328, miRNA-29b, miRNA-21, and miRNA-223-3p) may act as novel biomarkers for AF. The findings could offer a better description of the biological characteristics of miRNAs, meanwhile might serve as new target for the intervention and monitoring AF in future studies.
Introduction
Atrial fibrillation (AF), is the most prevalent arrhythmia, which takes responsibility for the most of thromboembolism, contributing to major socioeconomic load. 1 The AF prevalence was predicted to markedly increase up to 12 million in the USA and 17.9 million in Europe in the next 50 years. 2, 3 However, the specific molecular pathogenesis underlying AF is complex and largely remained unclear. 4 The insufficient efficacy was attained for the current pharmacological interventions, and clinical treatments mainly focus on preventing complications and improving symptoms. Currently, transcriptomic changes have been studied in human and animal subjects for AF through microRNA detecting technology. [5] [6] [7] [8] The previous studies have assessed miRNA expression characteristics of AF, and several pivotal pathways associated with miRNAs have been identified, including immune and inflammatory, Ca 2þdependent signaling, as well as cell cycle and apoptotic pathways, 9 and it is suggested that miRNAs may be diagnostic targets for AF. 10 MiRNAs are small non-coding RNAs with 18-25 nucleotides, which negatively regulate the post-transcriptional of target gene. 11 By binding to complementary site in the 3 0 -untranslated regions (3 0 -UTRs) of target genes, miRNAs generally result in the inhibition or degradation of translation. 12 Because of the crucial role in gene regulation, miRNAs have been confirmed to be aberrantly expressed in a variety of diseases involving cancer, neurological and cardiovascular diseases. [13] [14] [15] The dysregulated miRNAs may serve as new intervention target for the diseases. 16, 17 To date, the significant role of miRNAs has been uncovered in acute coronary syndrome, chest pain, and myocardial infarction. [18] [19] [20] [21] The level of miRNA-29 was decreased in the cardiac valve of heart failure; 22 meanwhile, the administration of antagomiR-29 in mouse models can lead to an obvious improvement in fibrosis. 23 In addition, cardiacspecific miRNA-208 is important in the myocardium hypertrophic response, and it has an effect on arrhythmias in mice. 24, 25 Growing report suggests that aberrant level of miRNA in cardiac tissue and blood is related to AF by promoting atrial remodeling. 26, 27 Differences in expression level of miRNAs exist among AF patients. The expression level of miRNA-486 and miRNA-638 was increased, while the expression level of miRNA-423 and miRNA-572 was decreased in the cardiac tissue of AF subjects. 8, [28] [29] [30] [31] MiR-99b expression was downregulated both in blood 3, 32, 33 and left atrial appendage (LAA). 34 Additionally, miRNA expression form related to AF is various in different tissue samples. MiR-328 was detected to be downregulated in plasma, 3 while upregulated in myocardial tissue. 35 MiR-21 was decreased in right atrium and was increased in left atrium. 36 The related article indicated that the expression of 42 and 65 miRNAs was markedly abnormal in the LAA and right atrial appendages (RAA) of AF individuals, respectively. Among these, 23 of those were detected in both atrial appendages, while 45 detected only in the RAA, and 19 detected only in the LAA. 36 Considering the inconsistent findings of all the published studies, it is essential to construct this systematic review and meta-analysis to further explore and integrate the miRNA value in AF.
MiRNAs participate in regulating AF-associated remodeling and play a crucial role in the pathophysiology of AF. 37 It is revealed that miRNAs are associated with structural remodeling by targeting critical genes in AF. MiR-1 could impact electrical remodeling in AF through targeting KCNE1 and KCNB2. 38 miR-328 regulates myocardial electrical remodeling through targeting to CACNA1C and CACNB1, 35 and miR-21 affects myocardial fibrosis through regulating the TGF-b1/Smad signaling pathway. 39 Emerging findings support that a variety of dysregulated miRNAs have been confirmed to regulate the target genes related to AF. 9, 40 Nevertheless, inconsistency among different articles is found and not each miRNA reported is actually vital in AF. This study mainly aimed to summarize miRNA expression profiling and to predict miRNA-target genes through bioinformatics approach in the currently reported AF studies, in order to ensure the merit of miRNA-based therapy and serve as a better description for the biological features of miRNAs.
Materials and methods

Data sources and retrieval strategy
Literature review was performed using the Embase, Medline, and Cochrane Library databases to identify all potentially eligible AF-related miRNA expression profiling articles from inception to 30 April 2019 using the undermentioned terms for the searches of the title/abstract: (microRNA or miR-or miRNA), (AF or atrial fibrillation), (expression or profiling or profile). The detailed search strategies are shown in Supplementary Table 1 . Furthermore, the reference lists from retrieved studies were conducted to identify all potentially eligible articles. The databases were retrieved independently by two authors (N.S. and C.Z.), and all discrepancies were discussed to reach an agreement through dealing with the corresponding authors (Z.G. and J.W.).
Selection criteria
The included articles met the following criteria: (1) original articles that analyzed miRNA signatures between AF (case) and non-AF groups were reported (control); (2) miRNA expressed articles on human or animal subjects were associated with AF; (3) applied miRNA expression analysis including miRNA sequencing experiments or quantitative real-time PCR (qRT-PCR) technologies, etc.; 41 (4) cut-off criteria and sample sizes were represented for dysregulated miRNAs. For the articles conducted in the animal models, we simultaneously collected the characteristics of models analyzed. Expert comments, reviews, conference abstracts, case, letters, and editorials with missing raw data were removed. For duplicate studies from the same data, the one most similar to the eligible standard was kept. Two investigators (C.Z. and N.S.) separately evaluated all the studies to determine their eligibility, and any discrepancies were resolved with consensus by a third reviewer (Z.G.).
Data extraction and quality assessment
The data were extracted and listed independently from all included studies: authors, year published, included ethnicity, baseline characteristics of patients, species, miRNA detection methods, cut-off criteria, sample types and sizes for dysregulated miRNAs, direction and number of dysregulated miRNAs were recorded. Two investigators (N.S. and C.Z.) independently rated the quality of all eligible articles according to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2), which was conducted with eight questions. In addition, studies were checked based on Minimum Information about a Microarray Experiment (MIAME) guideline, version 2.0, or Publication of Quantitative Real-time PCR Experiments (MIQE) guideline. Finally, the studies that simultaneously meet the above guidelines were eligible for inclusion.
Statistical analysis
The random-effects model was conducted by STATA software (version 13; Statacorp, College Station, Texas, USA) in this meta-analysis. All results were shown as logORs on the basis of the numbers of dysregulation between AF and non-AF subjects along with 95% CI. In comparison with those obtained for the non-AF group, logOR values obtained for the AF group higher than 1 revealed upregulation. In comparison with the AF, a marked logOR obtained for the non-AF group higher than 1 revealed downregulation. The P-value <0.05 was considered as statistically different. Differentially expressed miRNAs of AF and non-AF comparisons were based on the importance of ranking in the order: (1) amount of consistent sub-studies; (2) total sample size; (3) P values; (4) logOR values. Subgroup analysis was conducted according to the species, detection methods, tissue types, and ethnicity. The classification of blood sample includes platelets, serum, peripheral blood mononuclear cells (PBMCs), plasma, and whole blood. Sensitivity analysis was conducted to detect the heterogeneity of the results. As a crucial determinant for sample size, this study was repeatedly performed after excluding studies with the sample size of 10 or less.
Bioinformatics analysis of miRNA target genes and pathways
To probe into the functional role of miRNAs in the pathogenesis of AF, differentially expressed miRNAs with same direction determined in AF were subjected to bioinformatics analysis to confirm the potential genes and biological pathways. The miRWalk 2.0 which was applied for miRNA target prediction was composed of miRDB, TargetScan, and miRTarBase. To reduce error, the final identification of miRNA target genes was in line with at least two of the above tools. The combination of predicted targets was applied for in-depth understanding of miRNAs. Based on the identified target genes, the network map of miRNA target genes was performed using Cytoscape software version 3.6.1. 42 Cytoscape was applied to present visualizing molecular interaction networks between miRNAs and corresponding gene targets. 43 Next, we conducted biological analysis of KEGG (Kyoto Encyclopedia of Genes and Genomes) and GO (Gene Ontology) analysis according to the predicted targets, and the significance of the associated biological analysis was confirmed with the evaluation of the DAVID database. Genes targeted by selected miRNAs were considered strongly enriched according to P < 0.05.
Results
Literature retrieval, features of included articles, and quality assessment Figure 1 depicts the literature search process used for identifying the included studies. Based on the eligibility criteria, totally, 324 potential studies were initially searched from the databases ( Supplementary Table 1 ). Ultimately, only 40 studies fulfilled the eligibility criteria for meta-analysis after excluding duplicates, conference abstracts, reviews, letters, irrelevant studies, and studies that lacked important information. 3, [5] [6] [7] [8] [9] [10] 26, 28, 29, [31] [32] [33] [34] 36, 39, 40, Specific reasons for the exclusion of studies are listed in Supplementary Table 2 . The list of the 40 studies characteristics is given in Tables 1  and 2 . Of the 40 articles, 34 reported miRNA profiling in humans ( Table 1 ). The patient demographics and characteristics of the 34 human studies are given in Supplementary  Table 3 . Only one study focused on miRNA profiles in animal samples, and five analyzed both humans and animals ( Table 2 ). The analyzed sample sizes ranged from 8 to 224 among the studies, and the number of differentially expressed miRNAs varied from 1 to 283. The quality of each study was assessed through QUADAS-2, as mentioned in the methods section. The quality assessment results are displayed in Supplementary Table 4 , and the results showed that the overall quality of articles was good.
Differentially expressed miRNAs in overall analysis
In total, 283 dysregulated miRNAs were mentioned by 40 included articles that compared AF samples with non-AF controls ( Figure 2 ). Among these differentially expressed miRNAs, 75 aberrantly expressed miRNAs (26.5%) were identified in at least two articles. In this study, 51 miRNAs (18.7%) were identified to be consistent in terms of the direction of dysregulation (22 upregulated and 29 downregulated). The details of significant results are listed in Supplementary Tables 5 and 6 . According to the results of 6 sub-studies with 227 samples and 7 sub-studies with 365 samples, miR-223-3p (logOR 6.473; P < 0.001) was determined to be the most upregulated miRNA, while miR-1-5p (logOR 7.290; P < 0.001) being the most downregulated one (Figures 3 and 4 ). Details of each miRNA are summarized in Supplementary Figures 1 to 51 . And the inconsistently dysregulated miRNAs in the overall analysis classified by different subgroups are shown in Supplementary Table 7 .
Subgroup analysis
Among the 40 included studies, 25 studies investigated miRNAs in right atrial tissue, right atrium, left atrial tissue and left atrium, 14 studies detected circulating miRNAs in plasma, venous blood, platelets, serum and whole blood, while only 1 study did research in both tissue and blood samples. Overall, 53 miRNAs (21 low expression and 32 high expression) were identified to be aberrantly expressed in tissue sample, with the most upregulated and downregulated miRNA being miR-223-3p (logOR 5.692; P < 0.001) and miR-1-5p (logOR 6.241; P < 0.001), respectively (Supplementary Table 8 ). A total of seven miRNAs (two upregulated, five downregulated) were statistically significant and dysregulated in blood, and the most statistically significant upregulated and downregulated was miR-328 and miR-1-5p, respectively (Supplementary Table 9 ).
Subgroup analysis was done by miRNA detection method, 5 and 34 sub-studies used microarray and qRT-PCR method, respectively, and only one study involved gene chip test. Therefore, a subgroup analysis with gene chip test was not performed. Totally, the aberrant expression of 12 and 29 miRNAs was discovered in the microarray and qRT-PCR assays, respectively. In microarray studies, six upregulated miRNAs and six downregulated miRNAs were significant (Supplementary Table 10 ). For qRT-PCR studies, 15 upregulated miRNAs and 14 downregulated miRNAs were found to be remarkable ( Supplementary  Table 11 ). Of the above-mentioned miRNAs, miRNA-223-3p and miRNA-29b were consistently upregulated and downregulated by both the detection methods.
Subgroup analyses of ethnicity with Asian and non-Asian were conducted. The subgroup analysis included 27 Asian studies and 13 non-Asian studies, respectively. In the subgroup of Asian, there were 15 upregulated miRNAs and 16 downregulated miRNAs ( Supplementary Table 12 ). For non-Asian subgroup, eight upregulated miRNAs and six downregulated miRNAs were identified ( Supplementary  Table 13 ). Remarkably, the expression level of miR-328, miR-223-3p and miR-21 was consistently increased in both Asian and non-Asian studies, while miR-1-5p was downregulated in all studies. The above four miRNAs may have great potential value in predicting AF.
MiRNAs were differentially expressed between animals and humans, and the species subgroups of the miRNAs were only analyzed in animal studies (Supplementary Table 14 ). The results indicated that only miR-133 was consistently downregulated in animal models according to two studies. Several other miRNAs were only mentioned in a single study, including miRNA-26a, miRNA-449, miRNA-145, miRNA-31, miRNA-30, miRNA-664, etc.
Bioinformatic analysis
Eventually, 51 dysregulated miRNAs were used for bioinformatic analysis, and 223 potential miRNA target genes were retrieved from miRTarBase, miRDB, and TargetScan. The target genes and pathways of dysregulated miRNAs should be understood to identify their potential biological functions. The predicted human miRNA-target interaction is shown in Figure 5 . Moreover, KEGG and GO analysis was carried out to analyze the target genes using the Enrichr database to further identify the involved pathways related to the selected miRNAs.
The top 10 terms identified for each enrichment analysis are presented in Figure 6 . In addition, KEGG terms associated with AF pathogenesis within the functional enrichment results and significant pathways were detected, including vascular smooth muscle contraction_Homo sapiens (hsa04270) and adrenergic signaling in cardiomyocytes_Homo sapiens (hsa04261). The bioinformatic analysis for dysregulated miRNAs in subgroups according to sample type, miRNA detecting method, and ethnicity is shown in Supplementary Figures 52 to 54 . The results of KEGG and GO analysis in subgroups were consistent with the overall analysis.
Sensitivity analysis
The small sample size might influence the robustness of this study, which was determined by sensitivity analysis; 3 out of 40 included studies had small sample sizes that less than 10. Therefore, the remaining 37 studies were reanalyzed. As a result, 47 miRNAs were identified significant, with 18 of them upregulated and 29 downregulated ( Supplementary Table 15 ). Our result of sensitivity analysis showed that the other four miRNAs were not significant, but significant in the overall analysis. The above results showed that a small sample size may lead to differences in miRNA expression profiling.
Discussion
For the first time, we perform a systematic review to comprehensively explore the miRNA expression signatures of AF. Due to the different technological platforms and inconsistent sample sources used, it is essential to provide specific and valuable miRNA data by a meta-analysis. Overall, 51 aberrantly expressed miRNAs with consistent direction were identified in all included studies. Based on further analysis, five miRNAs (miRNA-328, miRNA-223-3p, miRNA-21, miRNA-29b, miRNA-1-5p) were finally identified as potential biomarkers of AF. The main pathophysiological basis of AF is generally considered to be atrial remodeling processes involving electrophysiological changes and myocardial fibrosis. 67 Notably, a variety of miRNAs have been confirmed to be involved in AF-related remodeling processes. 68 MiR-328, an upregulated miRNA was shown to be increased in animal models and patients with AF, with CACNA1C and CACNB1 being target genes. 35 There is also a correlation between miR-21 and CACNA1C, and miR-21 participates in electrical changes in AF. 69 In addition, the miR-106b-25 mediates AF-associated pathogenesis via enhancing RyR2, 70 and increased level of miR-30a in myocardial fibroblasts promotes myocardial fibrosis by inducing the decreased expression of snail 1. 71 Accordingly, miRNAs participate in the pathological processes of AF and may serve as new target for the intervention and monitoring of AF in the future.
The dysregulation of miR-223 has been confirmed to play vital role in the pathophysiological process of various diseases, including acute and chronic liver injury, 72 diseases related to innate immunity, 73 and Alzheimer's disease. 74 The circulating miR-223 was associated with the formation of local thrombus and acute myocardial infarction (AMI). 75 The evidence from this meta-analysis demonstrated that miRNA-223 represents the most high expression level in AF. Besides, upregulated miR-223 was also found in LAA samples of AF patients. 76 However, the specific mechanism remains unclear due to scarce studies of miR-223 in AF. In addition, miRNA-1 was highly expressed in atrial tissue; 77 moreover, decreased expression leads to a significantly increased level of Kir2.1 subunits 63 and HCN2 expression. 58 Additionally, circulating miR-1 in blood plays an important role in regulating CACNB2 protein in L-type Ca 2þ channels. 26 Considering that miR-223 and miR-1 changes were specifically associated with sample types, detection methods and ethnicities, miR-223, and miR-1 are stable, and could be representative in AF studies. This meta-analysis uncovered novel molecular targets for AF and indicated that miRNA-223 and miRNA-1 might become promising biomarkers to detect AF.
MiR-328 participates in regulating multiple cardiac pathophysiological processes related to AF, 7 and its expression was increased in acute AF. Upregulated miR-328 in human atrial samples contributes to result in adverse electrical remodeling in AF by targeting the L-type Ca 2þ channel. 55 Likewise, circulating miRNA-328 was related to the AF prevalence. 3 Therefore, these studies revealed important mechanisms behind the AF, and miRNA-328 was identified as a reliable biomarker for AF. Meanwhile, the high agreement of miR-328 between the blood and tissue results confirmed the reliability of miRNA-328 as biomarkers of AF. The significant dysregulation of miR-29b was confirmed in this meta-analysis. Likewise, reduced miR-29b in AF significantly increased COL1A1, COL3A1, and fibrillin expression. 65 In addition, the upregulated miRNA-21 is associated with fibrosis, 78 meanwhile increased miR-21 in fibroblasts also regulates the TGF-b1/Smad signaling pathway in AF-associated fibrosis via downregulating Smad7. 10 Therefore, miR-29b and miR-21 are likely to regulate myocardial fibrosis reconstruction and might be the valuable biomarkers or therapeutic targets. The above miRNAs were confirmed to remain consistently aberrantly expressed among multiple studies, and they may be potential targets for future clinical applications.
The tissue-related specificity exists in the miRNA expression, and miR-375 and miR-113b expression differed between blood samples 3, 7, 32 and tissue. 36, 57 A total of 54 miRNAs were consistently differentially expressed in atrial tissue, among which increased miR-328 and decreased miR-1 were identified. Noteworthily, miR-133b was upregulated in blood but downregulated in atrial tissue. A possible explanation for the difference in tissue and plasma could be the balance between tissue and blood. Intracellular miRNA was obtained from the circulating blood, resulting in a miRNA decrease in blood. Therefore, it is suggested that the uptake of circulating regulator miRNAs by affected cells to regain intracellular level might result in different miRNA levels in tissue and plasma. Nevertheless, more researches are still essential to explore the differences between sample-specific miRNAs.
Although miRNAs exist in different tissues, they predominate as biomarkers in atrial tissue of AF. Compared with tissue miRNAs, the noninvasive sampling and testing favor circulating miRNAs are preferred as biomarkers. However, few studies on blood miRNAs are related to AF. Therefore, potential new insights into the therapeutic implications of circulating miRNAs in AF are valuable. Although animal studies may be also informative regarding disease diagnosis in humans, they are still insufficient for AF research. Few animal researches were contained in this study, and only miR-133 was shown to be consistently downregulated in animal models of two studies. Consequently, more research is also required to explore differentially expressed miRNAs in animal models of AF.
MiRNAs may have potential therapeutic effects for AF. MiR-138-5p mimics was shown to suppress cell growth via regulating CYP11B2. 5 Transfected cardiac fibroblasts with miR-132 directly suppressed connective tissue growth factor, which regulates fibrosis progression. 52 To date, miRNA availability was only limited in cell experiments. It is discovered that the overexpression of miR-31 significantly increases AF susceptibility in vivo. 10 A few of miRNA application have reached the development in clinic, including miR-34 mimic of tumor inhibitor in phase I trial, antimiRs targeting at miR-122 associated with hepatitis in phase II trial, 79 which indicated that miRNA therapeutics in the clinic have great promise. This study identified stable miRNA profiles related to AF, and may offer the valuable indicator for target miRNA treatment.
Target gene prediction for significantly dysregulated miRNAs in AF was performed by using bioinformatics analysis. The potential miRNA targets were confirmed for KEGG and GO annotation, and KEGG analysis has shown that these targets were mostly enriched in adrenergic signaling in cardiomyocytes and vascular smooth muscle contraction pathways. Some reports proved that these two pathways were associated with AF. [80] [81] [82] The enriched GO annotation indicated these genes were mainly involved in protein activity, cation channel complex, and regulation of cardiac conduction, which reflected the close connection between AF and related miRNAs. 83 Our bioinformatics analysis suggested that dysregulated miRNAs in AF significantly regulated genes of pathways in connection with cardiovascular function and AF process, including CACNG, AKT, PRKG1, ATP2B, etc. It may contribute to verify imagination on biological function influenced by miRNAs. Furthermore, based on current findings, the experimental verification is essential in the future study.
Although this study identified several miRNAs as possible biomarkers in AF, it does not exclude confounding factors, including the variety of biological and technical designs, inconsistent standards and technical approaches that were used. Therefore, it is difficult to obtain unified result. Several limitations of this meta-analysis should be noted. First, the discrepancies in the sample size of each subgroups, and small sample sizes may lead to errors in the results. Second, the subgroup analysis did not take the AF classification, such as paroxysmal AF, permanent AF and long-term AF, into account due to inadequate clinical details in the original studies. Finally, the findings presented are simple, and insufficient experiments were performed to verify the exact pathological role of miRNAs in AF. The further experimental verification is required to ascertain the definite mechanism of AF. This study mainly reviewed miRNA expression profiling in atrial fibrillation, and the findings presented are meaningful in this context. Based on the above described inconsistencies in miRNA expression among the included studies, this meta-analysis is essential for identifying the promising biomarkers of AF. Eventually, we identified that several miRNAs might be potential biomarkers for AF; meanwhile, bioinformatics approach demonstrated that these miRNAs were closely related to AF. Of course, the rigorous experimental verification is essential for confirming their validity in the future AF research.
Conclusion
This study identified 51 significantly dysregulated miRNAs. MiRNA-223-3p, miRNA-21, miRNA-328, miRNA-1-5p, and miRNA-29b may be potential biomarkers for AF.
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